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REMARKS/ARGUMENTS 
Claims 1-23 and 25-26 are pending. Claims 1, 4 and 5 have been amended for clarity. 
Claim 1 1 has been amended to correct a typographical error in the last formula. Accordingly, 
the Applicants believe that no new matter has been introduced. 

Rejection — 35 U.S.C. 112, second paragraph 
Claim 1 1 was rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite. 
The Applicants thank Examiner Keys for detecting this typographical error, which has now 
been corrected. 

Rejection — 35 U.S.C. 103 
Claims 1-10 and 12-26 were rejected under 35 U.S.C. 103(a) as being unpatentable 
over Murata, J. Am. Chem. Soc. 120:71 17, in view of Bierschenk et al. , U.S. Patent 
5,093,432. The present invention is not disclosed or suggested by the cited prior art for the 
following reasons. 

The Official Action assumes that compounds having a vic-dichloro structure 
(CH 2 C1CHC1-) can be fluorinated in the same manner as other types of chlorinated 
hydrocarbons. The Applicants disagree for the following reasons. 

The fluorination reactions of Bierschenk et al. involve fluorination of compounds 
where the chlorine atom is attached to a primary carbon atom. Bierschenk et al. disclose 
fluorination of chlorinated compounds in Examples 16-19, 43-47, 48 (col. 31, line 54-col. 32, 
line 1), 51, 62 and 64. However, all these examples involve fluorination of compounds 
having a chlorine atom attached to a primary carbon atom (e.g., -CH 2 C1 CF 2 C1). 
Therefore, there is no suggestion or reasonable expectation of success provided by the cited 
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art which would have motivated one of ordinary skill in the art to practice the present 
invention, which involves the formation in a good yield of a compound of formula (II) having 
a vic-dichloro structure (CF 2 C1CFC1-) where the chlorine atom is attached to a secondary or 
tertiary carbon atom (the underlined chlorine atom in the above formula). 

It is well-known to those skilled in the art that a chlorine atom attached to a primary 
carbon atom is relatively stable during fluorination, but that a chlorinated atom attached to a 
secondary or tertiary carbon atom is vulnerable to rearrangement or elimination during 
fluorination, see Adcock et al. , J. Org. Chem. 49:2719-2733 (1984)(attached), page 2720, col. 
1, lines 6-et seq, below Table 1 . These rearrangements result in production of products that 
do not correspond to the original unfluorinated compound, because the chlorine atoms are 
rearranged. 

Similarly, there is no reasonable expectation of success in Bierschenk for the present 
inventionas directed to fluorination of a chlorine atom attached to a tertiary carbon atom as in 
CHC1=CC1- (see R H1 in Claim 1). Such a chlorine atom attached to a tertiary carbon atom is 
also vulnerable to rearrangement during fluorination, as disclosed by Adcock et al. , J. Org. 
Chem. 49:2719-2733 (1984). Moreover, Bierschenk et al. do not disclose fluorination of any 
compounds having a chlorine atom attached to a tertiary carbon atom. Therefore, this 
document cannot suggest or provide a reasonable expectation of success for the present 
invention where a compound (I) where R H1 is CC1X4=CC1- can be fluorinated without 
rearrangement of the chlorine atom attached to the tertiary carbon atom. 

Furthermore, with respect to claim 2, a compound (I) having a molecular weight 
higher than a certain level is not likely to undergo a decomposition reaction in a gas phase 
during fluorination. When a compound (I) has a certain level of fluorine content, the 
compound (I) dissolves well in the liquid phase, and therefore, formation of a heterogeneous 
reaction system and consequential decomposition of the compound (I) through the heat 
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generated by the heterogeneous reaction can be prevented. As the prior art does not suggest 
nor provide a reasonable expectation of success for the present invention, the Applicants 
respectfully request that this rejection be withdrawn. 

CONCLUSION 

In view of the above amendments and remarks, the Applicants respectfully submit 
that this application is now in condition for allowance. Early notification to that effect is 
earnestly solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Norman F. Obion 

Thomas Cunningham 
Registration No . 45 ,3 94 
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Aerosol Direct Fluorination: Alky] Halides, 2, Chlorine Shifts and the 

Stability of Radicals 
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Unlike alky] bromides and iodides, alkyl chlorides are shown to be stable to direct tluorination, even under 
ultraviolet irradiation, at temperatures of 30 9 C and below. Although less reactive than the bromides and iodides, 
i^-alkyl chlorides may be derivatized, presenting another example of dixact fluorination- sumvsble functionality. 
High (63%) to moderate (32%) isolated yields of the analogous perfluoroslkyl chlorides can be synthesized by 
aerosol direct fluorination of l-chloropropane, 1-chtnrobutane, l-chJoro-2-m«thylpropnnc, 1-chloro^-methylbutane, 
l-chloro-2-methylbutane, and chlorocyclopentane with generally less than 20% C~C bond cleavage. Tertiary 
alky! chlorides generally undergo intramolecular 1,2- chloride ahifta in the earliest stages of reaction in a manner 
characteristic of £-chloro radicals forming principally primary P-aJkyl chlorides. Thus 2-chloro-2-methylpiopajie 
produces l-chloro-F-2-methyIpropane (47%), and 2-cMorc»2-methylhutane produced a 16:6.3:1 ratio of 1- 
cUoro-f*-2-raethylbutana < l-chWo-i^s-mathylbuttnt, and 2-chlotfo-F-S-methylbutane, respectively, in 32% combined 
yield. Secondary alkyl chlorides undergo a similar but incomplete rearrangement producing mixtures of primary 
and secondary F-nlkyl chlorides. Thus 2-chloropropane produces a 2:1 mixture Of 2-crdoro-F-propane and 
l-chlaro-.F-propane id 507* combined yield; 2-chlorobutano produces a 1:1,5 mixture Of 2-chloro-F-butane and 

1- chloro-i^butane in 84% combined yield, and 3-chlcropentane produces a 2:3:1 mixture of 3-chloro-F-pentane, 

2- chloroF-pentanc, and l-chlora-F-pcntane, respectively, in a combined yield of 30%. Because Secondary alkyl 
chlorides partially rearrange but primary alkyl chlorides do not rearrange at all on fluoridation, doubt la coat 
on the postulate that the intermediate radicals are equilibrating. 



The fluorination of compounds *dth survivablo func- 
tionality permits the preparation of fluoric ated compounds 
with preselected sites for further reaction. The surviva- 
bility of acyl fluorides. 1 ** ethers,*- 4 ketals/ and, to a lesser 
extent, esters 1 and ajninea 5 * to elemental fluorine attack 
are well documented in the literature. More recently re- 
liable ketone direct fluorinatfans have been documented 7 
although isolated cases of direct fluorination syntheses of 
ketones, albeit in poor yields, have been noted previously. 8 
The stability of perfluoroketones to photochexnically fin- 
ished aerosol direct fluorination is remarkable given their 
known photolability. 9 

Perhaps the most useful monovalent substituent groups 
on perfluorocarborta are the iodides. 10 Perfluoroaliyl 
bromides are less reactive and are rarely used if the iodides 
are available, However neither of these substituents will 
survive attack by elemental fluorine. Until the recent 
aerosol direct fluorination of neopentyl chloride the useful 
survivability of a chloro group was in doubt. 11 Many- 
previous attempts to direct ftuorinate alkyl chlorides re- 
sulted in extensive fragmentation, chlorine loss, and sig- 
nificant tree radical chlorination competing with. fluori- 
nation- 12 " 1 * For example, the reaction of elemental fluorine 
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(3) Adeeok, J. L; Laiowjl. J. J. Org. Chem. 1974. JS, 3617- 

(4) Adcvck, J. U; Konta, K_, HeftJc. E. B.J. Am. Chem. Soc, 1961, 203. 

(5) Arfcoek, J. L.; CacaiicU, B. D.; Thompson J. W-; Lagow, n, J. J. 
Fluorine Chem. W«, 7, 197. 

(6) Bishop, B, C; Hyn«a, J. BiceW. L. A. J. Am. Chem. Soc. ISS*. 
SS, 1827. 

C« Adwlc, J. 1^- Robin, M. L> J. Org. Chem. 1985. 46, 2437. 

(8) Halub, F. Y.- } BimIow, L. A. J. Am. Chem. Sec. 1950, 7X 4379. 

(9) GUcoroqfci, G.; OLabe, H.; Price, 3. J4 Stwie. E, W- ft Can. J. 
Chem, 1960, 38, 104. 

(10) Banks, fL E. *Pluoxocarboiu tmd Their DerivatJ«c$*\ 2nd e<U 
Mocdooali Loodooj 1970f p 79, 102, 

(ID Ad<o*k, J. L.; Evmh, W. D.; Hetler-Growman, L. J. Org. Chem. 
198S, 43, 4953-4967. 

(12) MiHor. W. T4 Koch, S. D. /. Am. Chem. Soc. 19S7, 79, 3084. 

(13) Ruff, 0.; Keim. R. 2. Anew AUg. Chem. 1931, 202, 2i&\ 

(14) Bocktnullcr, W. Justus Liebigs Ann. Chem. ISW. 505, 20. 

(15) AEller, W. T4 Calfes, J. D.; Billow, L.A. J. Am. Chem. Soc. 1937, 
59, 198. 



with l^roUchloropropane at 100-200 °C gave large amounts 
of CF 4k C 2 F,, and CjF fl as well as small amounts of 1,2- 
dichloro-F-propane, 1,3 -dichlor o-F-propane r and materials 
Contain ing three or more chlorines. 90 The ease with which 
the C-Cl bond was cleaved and the degree of free radical 
chlorination eiving riac to polychlorinated products were 
in retrospect obviously a result of the high temperatures 
involved. In contrast to the above works this work dem- 
onstrates the exceptional stability of a number of chloro- 
alkanes toward fission of the C-Cl bond by photochemi- 
cally finished aerosol direct flu orinatiorju The predictable 
occurrence of 1,2 -chloride shifts giving rearranged products 
ia some instances has been studied systematically as well 

Results and Discus si on 

A previous contribution in the area of aerosol direct 
fluorination of alkyl halides showed that alkyl chlorides 
underwent exclusively free radical attack by elemental 
fluorine. 11 This is in contrast to the carbocaUon generation 
which occurred, at least initially, when alkyl bromides were 
subjected to aerosol direct fluorination. 11 The extremely 
low degree of C-Cl bond fission occurring in the aerosol 
fluorination of neopentyl chloride prompted us to look 
more extensively into the aerosol direct fluorination of 
other alkyl chlorides as a means by which preselected 
survivable sites for subsequent reaction could be incor- 
porated into organic molecules prior to their fluorination. 

The aerosol direct fluorination process has been de- 
scribed in detail elsewhere-*' 7 The process is a steady-state 
flow process in which a hydrocarbon vapor is condensed 
onto a sodium fluoride preaerosol and then subjected to. 
attack by a 50-100% excess over the stoichiometric 
amount of elemental fluorine at low (2-5%) concentration 
in helium at low (-70 to 0 °C) temperatures in the dark. 

(IB) (a) Calfa. J, Bigelow, L. A. J. Am. Chem. Soe. 1937. 50, 2072. 
(b) Younff, D. a, Fukuhars, Big*low, A. Ibid, 1940. $2. 1171. 
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Chem, Sqc. 1940. 02. 267. 
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(20) Schmeiasflr, M.; Shlenr, K, Sartoxi, "P. Angexa. Chem., Int. B4. 
19S7, 6, €27. 
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Starting compd 



product! 



1-chloro- 

propsce 
1-ciilorobutane 
1-chloro- 2- 

methyi- 

pmpane 
l-cbloro-3- 

methyJ- 

butone 

1- chlotoZ- 
zne tbyU 
butane 

mathy]- 
propane 

2- chloto-2- 
methyl- 
butane 

2-cblaro- 

pxopane 
2-chlorobutana 



chlorocyclo- 
pentaoe 



1-chloro-^- 

propane 
l-dijlfifo-f- butane 
l-cblnro-r*-2- 

mefchyt|rtopane 

methyl butane 

methylbutano 

l-ebloro-F-2- 
mcthylpropajio 

1- cMoro-F-2* 
fcnathylbutane 

2- chIoro-vF- 
propane 

2- cblov^F- butane 

3- chJoxo-F» 
peniaae 

eh lo ro--F-cyclo- 
pentane 



produce 2 



effluent yield, 
conen, % % 



76.4 



67 

SB 

SOA 

43.1 

S2 
80 
30 
49.5 



42.4 F-butzn* 
propane 



b hydryl-X-chJoro-^-bu 



32 



47 



butane 

F-2-methyl- 
botane 



toethylbuiwie 

d l-chloro-/ 7 "- 
propane 

« l-chloro-.F- 
buiaaa 

f 2-chloro-F- 
ptntane 
40.2 F-cyclopentaae 



17,0 



c 2-chloro-^-^-taethyll3Utano 



l-ehlorcnF- 
pentana 
^-petatone* 



a.7 



i™ 4 ^Jil^f ^ cd ^^^f^rtinff compound injected that are n*t wrxocfced'for recovered unraactad starting material collected at the 
dose of the reaction. 'Combined yield 6.9%. « Combined yield 31.8%- t? ' — - ■ • ' * wueeseo, ox vie 

30%. 'Three isomeric chlorc-JVpentane* make up 16.$% of effluent. 



Combined yield 50%. "Combined yield 34%. ' Combined yield 



The partially (50-70%) fluoridated hydrocarbons are then 
subjected to ultraviolet irradiation at ambient fluorine 
concentrations to remove residual hydrogen atoms, Partial 
fluorination runs are conducted under precise stoichio- 
metric control usually without photochemical finishing. 

Primary alky] chlorides such as n-propyl chloride, n- 
butyl chloride, and isobutyi chloride show exceptional 
stability to both elemental and photochemically generated 
atomic fluorine (Table D. In contrast, the aerosol direct 
fluorination of tertiary alkyl chlorides results in a 1,2- 
chloride shift giving primary perfluoroallryl chlorides 
(Table I). For example in the aerosol fluorination of 
terr-butyl chloride, complete conversion to P-isobutyl 
chlotide is observed. No fluorinated tertiary chlorine 
products wore observed. A second reaction with only 6 
mmol/h of fluorine with 8 mmol/h f erf-butyl chloride and 
without photofinlshing gave unreacted terr-butyl chloride 
(30%), l-cHoro-2-fluoro-2-methylpropane (30%), 1- 
chIoro-2,3-difluoro-2-methylpropane (20%) { and 1- 
chloro- l^ifluoro-S-mcthyipropane (2%) plus more highly 
fluorinated material (16%), The only tertiary chloride that 
was observed occurred on unreacted starting material. No 
free chlorine was observed, nor were any products found 
to contain more than one chlorine. This reaction shows 
that the chloride shift occurs on radical formation early 
in the fluorination. Chlorine fission due to photolysis or 
fluorine displacement apparently does not occur with ob- 
servable significance. 

In the aerosol fluorination of terr-amyl chloride (2- 
chloto-2-methyibutane, Table I) three rearranged per- 
fluoroolkyl chlorides were collected. The relative, near 
statistical, proportions of l-chloro-JT-2-methylbutane 
(43.1%) and l-chlorc-^3-methylbutane (17,0%), while 
only a trace of 2-chIoro-F-3-methylbutane (2.7%) was 
collected, shows that multiple 1,2-chloride shifts occur 
readily during perfluorination. Perfluorc-ce^arnyl chlo- 
ride was not produced. 

Secondary alkyl chlorides show intermediate stability 
when fluorinated giving both primary and secondary 



perfluoroalkyl chlorides (Table I). Evidence for multiple 
1,2-chloride shifts are seen again in the perfluorination of 
3-chloropentane. 

These results are for the most part supported by liter- 
ature accounts of rearrangements associated with free 
radical reactions. For example, Skell, Allen, and Gilmour 
observed that chlorination of 2-bromopropane and 2- 
bromo-2-methylpropane produced l«bromo-2*chloro- 
propane and l~bromo-2-chloro~2-methylpropane, respec- 
tively. 31 These findings indicated complete rearrange- 
ment. An initial hydrogen abstraction from one of the 
methyl groups leading to a primary radical was immedi- 
ately followed by a 1,2-bromide migration to form a more 
stable tertiary radical that then added chlorine to form the 
rearranged products. Juneja and Hodnett observed the 
same 1,2-bromide shift in the chlorination of 2-bromo-2- 
methylpropane as did Slepll et al 42 They also observed 
that no rearrangement occurred in the cWorination of 
l-hromo-2-methvipropano. The latter rearrangement 
would not be expected to occur as it would involve forming 
a primary radical from a tertiary radical. Formation of 
a tertiary radical is also statistically unfavorable. 

Wiley et al noted the isomerization of 1-chloropropane 
to 2-chloropropane during rodiolysis but not the reverse 
reaction. 89 Thia seeming contradiction was reinvestigated 
by Benson and Wfllard, who observed that this reaction 
was catalyzed by hydrogen chloride and that the hydrogen 
atom exchanges, not the chlorine atom. 24 Mayo postulated 
that an equilibrium between secondary and primary rad- 
icals could explain this rearrangement 46 If the reactions 
of these radicals require little or no activation energy, the 

a9 ttJS p - ^ R- GUmeur. N. X). J. Am. CWu Sac mi. 

Ovf. 504—S, 

£2) Junoja, P. 6^ Hodncti, K. M JIAm. Ctan. Soc. 1967. 89, 5685-7. 

pj Wday, R MiUur, W,- Jaxboe, C It; Horell. J. R; P^isa, D. 
J. Bodlot. lTC0 r tS, 47d-B8, ' 
^<|4) Beuaon, H. U Jn: WiUard, J. E. ^. am. Chtm. Soc. mt. $$ t 

(25) Mayo, P. R. J, Am. Chetn. 5pc. ise2. 84, 3904-6. 
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Scheme 1 
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products wQl conform to the more stable radical However, 
if the reactions of these radicals require a large activation 
energy .and are therefore relatively difficult, then the 
products *fll conform to those derived from the minor 
proportions of the leas stable, but more reactive radical 
In this way the seeming contradiction is resolved; Le,, only 
the more reactive radicals forwed by r adiolysis, C-H bo ad 
fission, will react with HC1 to produce the observed 
product because of the relatively high activation energy 
required. 

The above postulate would also explain -why products 
derived from the interactions of intermediate free radicals 
with fluorine molecules, a low activation energy process, 
should predominately correspond to those derived from 
the more stable radicals. Other free radical rearrangements 
involving 1,2-chloride shifts have been reviewed by Frei- 
dina. 26 

When a U2 molar ratio of tert-butyl chloride to flu o rine 
aerosol fluorination was carried out. l-chloro-2-fluOTO-2- 
methylpropane was the major product observed. This 
suggests a mechanism (Scheme t) similar to that observed 
by Skell et aL in which initial H abstraction from a methyl 
group results in a rapid l,2~chloride shift to produce a more 
stable tertiary radical 11 This could occur by the formation 
of a bridged radical intermediate (I) that would open 

I 

preferentially to the more stable tertiary radical 27 If 
Mayo's postulate is general the concentration of the ter- 
tiary radical would far exceed that of the primary radical 
giving the observed primary i^alkyl chloride. This pes- 
fcuJate also explains the lack of rearrangements encountered 
during the fluorination of primary alkyl chlorides having 
<* tertiary hydrogens. 

In the analogous fluorination of tert-amyl chloride, the 
tertiary chlorine can rearrange from a primary to a tertiary 
radical by a 1,2-chloride shift giving the primary jF-aikyt 
chloride. However, the tertiary chloride can also rearrange 
by a 1,2-chloride shift giving a secondary chloride if the 
initial radical is formed by H abstraction at the methylene 
group. The secondary chloride can subsequently rearrange 
by a second 1,2-chloride shift giving the other possible 
primary alkyl chloride, l-chloro-F-3-methyIbutane, if a 
subsequent hydrogen abstraction by fluorine occurs on the 
a-methyl group adjacent to the methylene group (Scheme 
II). This final shift would occur, however, only if the 
3-methyl group has not been previously fhiorinated. 

The partial rearrangement of secondary alkyl chlorides 
during fluorination can also be rationalized by Mayo's 
postulate. 15 However in the case of e<iuilfbrium between 
primary and secondary alkyl radicals, the concentration 
of secondary radical would not be so predominant nor 

(26) Fr«dH»o. R. Kh_ Ado. Fr<* JUdico/ CKtm. ISW, /. 211-279. 

(27) Kochi. J. Ed. 'Free Radical*'; WOoy; N«w York, 1973; VoL 
2. Chapter 26, pp 829-833. 
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would their reactivity differ as much- The mare similar 
concentrations would therefore result in a mixture of 
products representing both rearranged and unrearranged 
products. The problem with Mayo's rationalization is that 
it should work in reverse; La-, when primary alkyl chlorides 
are fhiorinated, some secondary alkyl chloride should be 
isolated. Since this does not occur, there must be kinetic 
and/or other effects operating. This observation certainly 
casts some doubt on Mayo's postulation and a more careful 
look at the problem is indicated. 

Experimental Section 

The basic aerosol fluorinator design and a basic description 
of the process axe presented elsewhere.*- 1 Detailed parameters 
for reactor variables are given in Table IL Workup of products 
following removal of the bydrogen fluoride, formed during the 
nnorvnation consisted 0/ vacuum Un« fractionation, infrared essay 
of fractions, and gas chromatographic separation of components 
using either a 7 in X */* in. 13% Fluorosulcone QF-1 (Analaba) 
stationary phase on GO-BO mesh, acid-washed. Chronica orb p 
conditioned at 225 °C (12 h) or a 4 xa X a /a in- 10% SE-52 
phenyl-methyl silicone rubber on 60-40 mesh, acid-washed, 
Chromosorb p conditioned at 250 °C (12 h). Following gas 
chromatographic separation (Bendix Model 2300 r subambient 
mutucoutroUer) all products of "significance" were collected, 
transferred to the vacuum line, assayed, and characterized by 
vapor-phase infrared spectrophotometry, PE1330, electron impact 
(70 eV) and chemical ionization (CH 4 plasma) mass spectrometry 
(Hewlett-Packard GC/MS, &710A GC, 5980 A MS. 5934A Com- 
puter), and l H and J *F nuclear magnetic resonance <JEOl> tt&QQ. 
omniprohc) in CDC1 3 with 1% CFCli internal standard. 

Aerosol Fluorinirno& of a -Propyl Chloride. 1-Chloro- 
propane (Ma thee on) has a vapor pressure at -45 °C such that a 
helium flow of 76 mL/cnn produces a throughput of 0.24 g/h (3.0 
mmol/h). A 2-h run produced 0,909 g of crude material after 
fractionation. Separation isothermally at -20 °C on the SB- 52 
column gives l-ehloro-vF-propans (85%) at retention time of 6 min 
(C R = 6 min). This correspondfl to a 63% yield based on theoretical 
throughput. The IR spectrum matches that published-"* 

Aerosol Fluorination of tsopropyl Chloride. 2-Chlero- 
propane (Eastman) has a vapor pressure at -45 "C such that a 
helium flow of 75 rnL/min produces a throughput of 0*31 g/h (4.0 
mmo]/h). A 2.5-h run produced 1.2393 g of crude product after 
fractionation. Separation isothermally at -20 *C on the SE-&2 
column givoa an unresolved peak (80%) Ur, = 6 min). A second 
separation on the QF-1 column a broad peak (80%) (t R = 18 min). 
This mixture corresponds to 48.5% of the calculated yield. The 
IR spectrum shows a 1:2 mixture of l-chloro»<F-pcopane and 2- 

(2a) Hauptachwa, M.; Nodiff, E. Gro*9e, A- V. /. Am. Chcm. Sac. 
1352. 74, Ws7. 
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chloro-F-propanc matching those published. 28,7 * 

Aerosol Fluoridation of a -Butyl Chloride, 1-Chiorobutane 
(Fiahor Scientific) was used as received. Its vapor pressure at 
-10 *C in ouch thai a flow of 58 xnL/min of helium through —50 
mL of the material contained in a apaxge tube evaporator produces 
a throughput of az9 g/k (3.15 mmol/h). For a 2-h photochem- 
icaHy finished run, 1.1676 £ of crude product was collected after 
vacuum line fractionation. Purification of the products on the 
GC SE-S2 column (0 w C/5 rain; 10 °C/min to 30 Q C; 25 °C/min 
to 180 °C/10 min) produced 6.9% F-n- butane (t a = 3 mm) and 
60.2% l-chloro-F-butane (compound 0 Ur = 6 mm). The yield 
of compound 1 based on the calculated throughput was 43.8 % _ 
1: IR (cur 1 ) 1351 (m), 1236 (eh), 1240 (ve), 1213 (va), 1160 (w), 
U4S (a), 1110 (s), 1020 (ah). 997 (m) P 836 (m). 848 (eh). 802 (a), 
746 (ah), 782 (b), 694 (m); *F NMR (1% CFCVCDCl*) (mul- 
tiplicity, relative area) CF a A CF 2 B CF u c CF a D Cl f rf A 3), 
-126.1 (tm, 2), <fr c -121.6 (qm, 2), *d -68.9 (tq, 2). Jab ->aD c 
1.1 H*. «/ AC = 9.89 Hz, *f a o ■ 12.64 Hz. Jen - 1-46 Hs; major mare 
cation* [m/d (int, formula)], [EH 237 (25.4, C 4 F a in CD, 235 (77*6, 
C 4 F,* , 0), 219 (100. CJrU 149 (5,2. C^V'Ci), 147 (17.S, QJV'Cl), 
131 (9.6. CJPfi), 119 <L2_2, CFa), 87 (4.4, CF^Q), 85 (15,2. CF a *Cl), 
69 (2.7, CFa). 

Aerosol Fluoriuation of Isobutyl Chloride. l-Chlnro-2- 
methylpropane (Eastman) has a vapor pressure at -10 *C such 
that a helium flow of 25 raL/min produces a throughput of 0.18 
g/h (1.4 mmol/h). A 2 b-run produced 0-3881 g of crude material 
after fractionation. Separation on the SE-5Z column (0 °C/S mlnj 
15 °C/nunj 25 D C/min to 200 °C/i0 mm) gave 15£% F-isobutana 
(t B = 3 min), and 76.4% F-iaobutyl chloride (compound 2) (f R 
= 6 min). This corresponds to a 41.6 % yield for compound 2: 
IR (cm" 1 ) 1300 (sh), 1250 (va), 1195 (a). 1162 (s), 1070 (w), 1042 
(m). 938 (a). 916 (m). 863 (a), 7S1 (m). 722 (ma); **F NMR (1ft 
CFCWCDW CCF a A ),CF ek CF 2 c Cl -73.0 (td, 6), ^ a -17as (hept 
X d. 1), «c -62.0 (t X hept, 2), Jj& ° 10.74 Hz, J M = ^bc = S-88 
Hz; major maea cations fm/e (int, formula)] 237 (24.2, CJffl^Cl), 
236 (77.1, C«F^Cl) f 213 (100, CJF»), 197 (23.8. CJF^Cl), 131 (5.1, 
CsFj), 87 (^7, CFa^Cl), 86 (11.8, CFj^Cl). 

Aerosol Fluorinataon of sec -Butyl Chloride* 2-CbloTO- 
butane (Eastman) has a vapor pressure at -10 °C such that a 
helium flow of 33 mL/min produces a throughput of 0.26 g/h (23 
mmol/h). A 3-h run produces 0.9708 p of crude product afur 
fractionation. Separation on the SE-52 column with the same 
program as for F-n- butyl chloride gives two overlapping peaks 
(t n = 5.5-6 min) oogttiatlng of (30%) 2-chk>ro-F-bumne (compouAd 
3) and (43%) 1-chJor 0 -^"-butane (compound 1), The calculated 
yield of compound I w«s 19.5% . The yield, of compound 3 was 
13,69%: **B NMR (1% CFClj/CDCla) CFa^^lCFa^Fi 6 *a 
-78.1 (qt, 3), 4k -139.2 (tq, 1), 0 C -121.1 (qq, 2). *3>-79,6 (qd, 

3) , Jkc ~ 10.99 Hz, «^bd - 9.77 Hx, J^u - 3.66 Hz; major mass 
cations [m/e (int, formula)] 237 (23.1, C^F^CD, 235 (7&3, 
C^Cl), 219 (100, C4F0), 185 (1.6, CaFg'Ka), 189 (8^ CaF^, 131 
(6.1. CarV, 115 (7^, CiFa), 69 (41.8, CFah 

Aerosol Flnorinatioa of tort -Butyl Chloride. 2-Chloro* 
2-methylpropane (Eastman) has a vapor pressure at -10 *C such 
that a helium flow of 13 mL/min produces a throughput of 0-28 
g/h (3.0 mmol/h). A 2-h run produced 0.8884 g of crude material 
after fractionation, Separation of the fraction on the SE-Sz column 
with the isobutyl chloride program tfa^ 79-49% F-isobutyl 
chloride (compound 2) (t R = 6 min) a 46.8% yield of the calculated 
throughput. No products were found that matched published 
tH and W F NMR spectra of F-teri -butyl chloride. 30 A second 
2-h run with the same throughput and only 3.0 mmol/h fluorine 
flow and no photochemical finishing gave 0.513 g of partially 
Cbjormated materials. Identifiable cor^ouxjds produced were 30* 
unreaetod etartine material, S07» l-chloro*2- fluo ro-2-methyV 
propane 20% 3-c^rc^l^-difluoro-2-methylptopahe (oompound 

4) , and 2% 1-chloro-l^-difluoro- 2-methylpropane (compound 5)- 
The yield of compound 4 is 13%: **F NMR (1% CFCyCDOj: 
(F^CHj^C^CH^^H,^ -244 (mt, 1), tf B -IflS (m, 1), 

* 9 Hz; l H NMR (0.27p CHClj/CDCl,) 6c 4.45 (dd, 2), «n 3.66 
(dm, 2), ^ L4S (dd, 3), J A c = & Hz, = Jbo = ^bb = 1^ H *- 
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^Aerosol Direct Fluoridation 

Jjlo * Jab ~ 2 Hz. The yield of compound $ is 1.3%: NMR 
(1% CFCU/CDCU) CF^H^ClCFacCHa 0 ), <f> A -144 (md, 1). <fe -187 
(m. 1), J** - 9 Hz; l H NMR (02% CHCVCDCL,) 4c ^ 5.95 (dd\ 
l) r <fi D 1.45 (md r 6), J A c = 56 Hz, Jbd ^ 19 Hz, J BC "SHz^ad 
s 2 Hz. 

Aerosol Fluoridation of l-Chloro-3-methylbutane. 1- 
Chloro-3-methylbutane has a vapor pressure at 22 • C such that 
a helium Aow of 12 mL/min produce* a throughput of 0.42 g/h 
(3.0 mmol/h). A 3-h run produced 1.323 g of crude product. 
Separation on the SE-52 column <15 *C/5 min; 10 B C/mln to 75 
fl C/0 min; 50 # C/min to 150 "C/10 min) gave 19% F-iflopentane 
and 57% l-ehloro-F-3-methylbutaiMi (compound 6) (*r = 7 min) . 
The yield of compound 6 is 32%: IR (cm" 1 ) 1300 (sh). 1260 (vb), 
1250 (va), 1225 (vs>, 1180 (a), 1146 (m), 1100 (3), 975 fe), 740 (m), 
710 (m); l »F NMR (1% CFGU/CDCia) (CF/kCF^CF^F^Cl 
9E *a " 72 - d < m - 6 >. "^7 (m, 1), * c "113.2 (m, 2), * D -68.3 (m, 

• 2); major mass cations [m/e Gnt. formula)] 287 {10,3, CyPio^Cl), 

• 285 (32.1. Q^Cl), 2S9 (634, CjFti). 137 (5.8. Cy^CD. 135 (1&7, 
WCQ, 131 (19.2, CaFfi), 119 (20.9, C*F,) t 100 (11.4. CjFJ. 87 
(18.5, CF^Cl). 85 (56.7, CF a *Cl), 69 (100, CFa). 

Aerosol Fiuorinatfon of l-Chloro-2-methylbat»ne, 1- 
CUoro-2-TOethylbutano was reacted under the same conditions 
as for l-chtaro-3-TOethylbutane and produced 1.629 g of crude 
product after fractionation. GC separation gave 19% F-isopentane 
and 66% l-ddoro-F-2-methyIbutane (compound 7). The yield 
of compound 7 in 39%: IR (cm"*) 1330 (ro). 1270 (ah), 1240 (vs), 
iK> 1200 (e). 1170 <m), 1140 (m)r 1090 (to), 1020 (m). 950 (m), 925 
(to), 900 (m), 870 (m), 83S (m), 795 (m), 740 (m). 720 (m); ^KMR 
(1% CFOg/CDCy (CF^CT^JC^CF^F^ * A -60.6 (m, 2), 
*b -71.4 (m, 3), * c -177.0 (m. 1), ^> -117.6 (m, 2), fa -80.8 (m, 
3); major mass cations [m/e (int, formula)] 287 (15.6, C c F 10 Tf C\) / 
285 (49.1, UFioWCl), 269 (S2.0, C^ l7 ), 161 (14.5. C4F 7 ). 137 (2.7, 
CF^Cl), 135 (6.S. 0^*0), 131 (22.1. CFJ. 119 (42.0, C^F*), 
87 (20.7, CF^CI). 8S (6L2, CF s ra Cl), 69 (100, CFg). 

Aerosol FluoHoado* of S-Chloropentane. o-Chloxopentane 
was prepared by the method of Darzens from 3-peotanol by 
reaction with SOClf/ pyridine.' 2 8-Chloropentane has a vapor 
pressure at 28 • C such that a helium flow of 20 ml/mm produces 
a throughput of 0-13 g/h (1-2 mmol/h). .A 1.5-h run produced 
0.1913 g of exude material after fractionation. Separation on the 
SE-52 column (15 »C/5 min; 10 °C/min to 75 °C/0 mm: 25 
*C/min to 180 9 C/\0 min) gave a mixture of 3-chloro-F-pentaae 
(compound 3) (SO%), 2-chIoro-F-pentane (compound 9) (45%, 
t A - 6 min) and 1-chloro-F-pentanc (compound 10) (15%, = 
7 min). The combined calculated yield is 31%. The IR spectrum 
of compound 10 matched that published. 33 The **F NMR epoctra 
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(1% CFOa/CDClfl) : compound 8 CF a A CF 1 B CF c ClCF a CFa * A -79^) 
(i 31, -120,1 (a. 2), ^ C -137J) (m, 1), J*c = 9J2 H2, compound 

9 CF^BClCFjCCF^CFj* oa-77-8 (dt, 3), -138.7 (m, 1), ^ c 
-117.6 (ra, 2), ^ D -124,3 (m, 2), 0g -8L3 3), Jac ^ 9-2 Hi, 

• 122 Ha, jr CT = 45 Hz; compound 10 CF^XCF^CF^F^OT? 
<tn -68.6 (fe. 2). <^ -120.8 (m, 2), * c -122.6 (m. 2), (fo -126.7 (m, 
2). ^ -81.2 (t, 3), « 12J2 Hz. Jcs. - 12.2 Hz. 

AeJrosol Fluori nation of rart - Amyl Chloride. 2-Chloro>2* 
TOethylbutane (Eastman) hoe a vapor pressure at 0 °C such that 
a helium flow of 53 mL/caio produced a throughput of 0.27 g/h 
(2.5 mmol/h). A 2.5-h run produced 0.9626 g of crude material 
after fractionation. Separation on the $E*5z column (15 °C/6 
min; 10 °C/min to 75 °C; 50 *C/min to 180 "C/10 bin) gives &2% 
AUobutane. (t R « 3 min), 22.1% F-iaopentane (c a — 3.5 min)* 
and 62,8% of an unresolved mixture (16:6.5:1) (£ B rf 7 min), of 
l-chloro-F<.2«methyIbutane (compound 7), 1 -dUaro-F-3-methy 1- 
butane (compound E), and 2-chIoro-F-3-nwthylbutane (compound 
U). No 2-cUoro-F-2~methylbutans was observed. The NMR 
spectrum Of compound i{ ie (1% CFCli/CDClj): 
(CF ^ A ) t CF B CF c aCF3 I, c^a -70.7 (m, 6)» -176.0 (m. D. *c "13SJ 
(m, 1), fh -77.8 (m, 3). 

Aeroaol Fluorbiaeioct of Chlor-ocycXopentane. ChJoro- 
cyclopentane (Aldrich) has a vapor pressure at -10 °C such that 
a helium now of 135 mL /min produces a throughput of 0.21 g/h 
(2.0 mmol/h). A 3-h run produces 1.30 g of crude product alter 
fractionation. Separation on the Q.F-1 column (10 *C/13 min; 

10 °C/min to 60 *C/5 min: 50 *C/min to 180 'C/5 min) gives 
2JB% F-butano <t H = 5 min), 12.$% F-eyelopentano (e n = 12 mm). 
6% C^FuCl (compounds 1 «nd 3) (c& « 15 man), 12-5% F-p«ntane 
(* R = 13 min), 49.5% ls^orc-F-cyclopentane (compound 12) (*& 
«= 22 min), and 15.5% unresolved CsFuCl iaomere (compounds 
8-10) (( R => 25-26 mm). The yield of compound 12 is 402%: ZR 
(cm' 1 ) 1310 (a), 1275 (m), 1240 C»), 1220 (vs), 1320 (m), 106S (vw), 
1020 (to), 970 (s), 920 (w), 670 (a). 740 (w)j «»F >IMR a% 
CFCU/CDCU) tfcfd -139^ (m. 1) <W = -llfeU) and -136-5 (AB 
pattern, 2,5 and 2\&. = = 26 §^ Hz, 4) <^cr. -126^ and 
-129.0 (AB pattern. 3,4 and S'.^. J J = = 2S3.3 Hz, 4): major 
mass cations [m/e (inc. formula)! 19° (31, C^F^'CD, 197 (100. 
C^Cl), 149 (40, C»F4 M C1), 131 (56, dFi), 100 (22, CjFj. 
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